Background. Nickel in metallic items has been regulated in Denmark since 1990; however, 10% of young Danish women are still sensitized to nickel. There is a need for continuous surveillance of the effect of regulation. Objectives. To identify current self-reported metallic exposures leading to dermatitis in nickel-allergic patients, and the minimum contact time needed for dermatitis to occur. Methods. A questionnaire was sent to all patients who reacted positively to nickel sulfate 5% pet. within the last 5 years at the Department of Dermatology and Allergy, Gentofte Hospital. Results. The response rate was 63.2%. Earrings were the foremost cause of dermatitis after the EU Nickel Directive had been implemented, followed by other jewellery, buttons on clothing, belt buckles, and wrist watches. Dermatitis reactions within 10 min of contact were reported by 21.4% of patients, and dermatitis reactions within 30 min of contact were reported by 30.7% of patients. Conclusions. Nickel exposures that led to the implementation of a nickel regulation seem to persist. The durations of contact with metallic items to fall under the current REACH regulation of nickel correspond well with the results of this study.
with dermatitis (4, 14, 15) . However, a significant proportion of young individuals still become sensitized to nickel and report dermatitis (16, 17) , and a high prevalence of allergy, exceeding 10%, is seen both among young women in the general population and among young female patients with dermatitis in Europe (1-3). There may be several explanations for the persistence of nickel allergy, in particular related to the nickel regulation and its enforcement (4) . Notably, the limits of nickel release have been unchanged since 2005, but the analytical methods used to measure nickel release from metallic items (EN1811) and their interpretation have been changed several times (11, (18) (19) (20) (21) (22) (23) .
For a metallic item to be covered by the nickel regulation, it must fulfil the criterion of being intended for 'prolonged direct contact with the skin'. The definition of prolonged contact was agreed in the EU in 2014 as being >10 min on three or more occasions or >30 min on one or more occasion within a 2-week period. This was based on data from studies examining time-related release of nickel from alloys, combined with studies on skin uptake and penetration of nickel, and finally reactions to different doses of nickel in nickel-sensitized patients (24) .
There is a need for continuous surveillance of the effect of the nickel regulation. The importance of this is highlighted by the fact that, owing to changes in the interpretation of EN1811, the actual permitted nickel release has been changing over time (10) . The main objective of this study was to identify current self-reported metallic exposures leading to dermatitis in nickel-allergic patients from a hospital clinic and the minimum contact time needed for dermatitis to occur.
Methods
Patients were included in the study if they had shown a positive patch test reaction to nickel sulfate 5% pet. (Trolab, Smartpractice-Almirall Hermal, Reinbek, Germany) within the past 5 years (1 January 2010 to 31 December 2014) at the Department of Dermatology and Allergy, Gentofte Hospital. If multiple patch tests had been conducted in this period, the result of the most recent test was used. The European baseline series had been used for patch testing. Patches had been applied on the upper back and left in place for 2 days, and readings were performed on day (D) 2, D3 or D4 and D7, according to ESCD criteria (25) . A positive reaction was defined as at least homogeneous erythema and palpable infiltration in the test area.
Reactions not fulfilling these criteria were classified as negative. A total of 541 nickel-sensitized patients were identified. Of these individuals, 6 had died, 9 could not be contacted, and 2 had emigrated, leaving 524 potential participants. The study was reported to the Regional Ethics Committee of Copenhagen (H-15010935), and approved by the Data Protection Agency.
A questionnaire was sent to the 524 potential participants in 2015. Non-respondents were sent the questionnaire up to three times, with at least 3 weeks between each reminder. The questionnaire items addressed dermatitis after exposure to consumer goods with a metallic surface and the shortest time duration needed for a reaction to occur. Moreover, patients were asked about the first time they had experienced dermatitis caused by a shiny metallic item, their age at onset, and what item(s) they reacted to (multiple choices were allowed). They were given a list of 15 groups of items to select from, and could also add items not already listed. The initial dermatitis reaction was interpreted as the sensitization event; accordingly, the items causing the first dermatitis were considered to be of particular importance. An overview of the main questions and answer options is shown in Table S1 .
All included patients were registered with the date of their patch test reaction, date of birth, sex, the maximum patch test reaction to nickel, and basic characteristics regarding their nickel allergy. All data from the questionnaires were entered into Epidata software (The Epidata Association, Odense, Denmark) by two investigators, and analysed with IBM SPSS statistics, version 22 (IBM, Armok, NY, USA). Before the analyses, 10% randomly chosen questionnaires (35 questionnaires) were checked for data entry errors. Among these, incorrect input was found in 0.23% of the questions.
Results
A total of 342 patients (318 women and 24 men) responded to the questionnaire, corresponding to a participation rate of 63.2%. Non-respondents were younger than respondents (60.9% versus 39.1% aged <40 years, p < 0.01), whereas no significant difference in the sex distribution was found (male non-responders 10.6% versus male responders 7.0%, p = 0.15). Further study population characteristics are shown in Table 1 . The only difference between male and female patients concerned the prevalence of ear-piercing, whereby 95.8% of women with nickel contact allergy had pierced ears as compared with 30.4% of men (p < 0.001).
Metallic items causing dermatitis
Women reported first-time skin dermatitis caused by shiny metallic items at a median age of 16 years and men at a median age of 18 years. Data on first-time dermatitis are shown in Table 2 ; the patients often listed more NS, not significant. Items that were added to the list by patients were: hooks on clothing (brassieres) and coat hangers (7); shoes (2); water taps (2); cutlery (1); door handles (1), pins/knives (1); MP3 ear plugs (1); workplace identity card holders; (1) and handles of office stamps (1).
than one item. In women, the most important cause of first-time dermatitis was earrings (67.8%), followed by buttons on clothing (55.4%), wrist watches (51.4%), other jewellery (50%), zips (23.6%), and belt buckles (19.2%). Few women reported work tools, computers, mobile phones or lighters as causes of first-time dermatitis. In men, wrist watches and belt buckles were the items most commonly cited as causing the initial episode of dermatitis (55.6% and 50%, respectively), followed by spectacle frames (22.2%), jewellery other than earrings (22.2%), earrings (16.7%), buttons on clothing (16.7%), and keys (16.7%). None of the men reported computers, mobile phones or scissors as the cause of first-time dermatitis.
More than one item could be listed as the cause of first-time dermatitis. In women, 88.7% reported jewellery (earrings, other jewellery, and/or wrist watches) and 62.0% reported metallic items on clothing (i.e. buttons, zips, and belt buckles) as the cause of first-time dermatitis. An overlap between the groups was seen, as some patients reported metallic items from both groups as the cause of first-time dermatitis. Among men, 66.7% reported jewellery as the cause of first-time dermatitis, and 55.6% reported metallic items on clothing as the cause of first-time dermatitis (Fig. 1a,b) . In total, 73 (33%) patients listed only one item as having caused first-time dermatitis: of these, 31 (42%) reported earrings, followed by wrist watches (n = 13), and buttons (n = 11). b a Fig. 1 . Venn diagram of metallic items as the cause of first-time dermatitis clustered in groups for (a) women and (b) men. Jewellery: earrings, other jewellery, and wrist watches. Metal on clothing: buttons on clothing, zips, and belt buckles. Other: keys, coins, spectacles, hair clips, scissors, tools, computers, lighters, and mobile phones. Self-added metallic items were not included in this analysis. The same patient may occur in more than one column of this table.
A statistically significant overlap was found between earrings and wrist watches as causes of first-time dermatitis (p < 0.001), earrings and buttons (p < 0.001), earrings and other jewellery (p < 0.001), and earrings and zips (p < 0.01). Table 2 also contains data on items causing the most recent episode of dermatitis. Women had a median age of 40 years and men had a median age of 47 years when they experienced their most recent episode of dermatitis caused by a shiny metallic item. Women reported the same five most frequent causes as for the first episode of dermatitis; however, the order was partly changed, earrings (48.2%), buttons on clothing, other jewellery, wrist watches and zips. Men most commonly reported belt buckles (50%) as causing their most recent episode of dermatitis, followed by wrist watches, spectacles, buttons on clothing, and jewellery. Earrings were reported by only 1 man, and none of the men mentioned computers, mobile phones, or scissors.
Patients were also analysed in subgroups to further evaluate the effect of the nickel regulation, as shown in Table 3 . The first subgroup comprised the young patients with nickel allergy. They were aged ≤25 years at the time of answering the questionnaire, and had thus lived their entire lives under the protection of a nickel regulation; the first regulation came into force in Denmark in 1990. Another subgroup comprised patients who reported first-time dermatitis in the previous 10 years, that is, during the time in which the EU regulation on nickel has been in force in Denmark. The last subgroup of interest comprised patients who reported their most recent dermatitis in the past 5 years, indicating continued exposures of clinical significance.
Together, the above findings show that earrings remained the foremost cause of reactions to nickel-releasing items in all patients and in all subgroups. In patients who reported reactions after a regulation on nickel had been implemented, the causes, in order of priority, were: other jewellery, buttons on clothing, belt buckles, and wrist watches.
Length of contact needed to elicit dermatitis
All patients who reported dermatitis caused by metallic items were asked how short a contact with a shiny metallic item was sufficient for dermatitis to develop; 290 answered (99.3%) (Fig. 2) . Of these, 6.6% (5.6% of men and 6.6% of women) reported a skin reaction after 2 min of contact, 21.4% (16.7% of men and 21.7% of women) reported a skin reaction after ≤10 min of contact, and 30.7% (22.2% of men and 31.3% of women) reported a skin reaction after ≤30 min of contact. To investigate whether patients with the strongest patch test reactions reported dermatitis after a shorter time of direct contact than patients with weaker reactions, the length of direct contact was analysed with respect to the strength of the patch test reactivity (Fig. 3) . Patients were stratified into groups according to the reported length of time before dermatitis developed: within 30 min (2, 5, 10 or 30 min) or more than 30 min (1, 2-5 h, or a longer time). There was a non-significant trend for shorter contact time (≤30 min) for increasing patch test reactions (Cochran-Armitage test for trend, p = 0.10). There was no trend for faster reactors in the group who had been diagnosed with atopic dermatitis (Cochran-Armitage test for trend, p = 0.81).
Discussion
In this questionnaire study of 541 nickel-allergic patients from a hospital clinic, earrings were the metallic items that most commonly caused self-reported dermatitis, for both first and last episodes of dermatitis. Other culprit metallic items, in order of frequency, were other jewellery, buttons on clothing, belt buckles, and wrist watches. Furthermore, dermatitis was reported after ≤10 min of skin contact with a shiny metallic item by 21.4% of all patients, and after ≤30 min by 30.7% of all patients.
The response rate was 63.2%, which was satisfactory. The distribution of sex (male/female ratio of 1:13) and age in the present study was in line with previous studies (26, 27) . The high number of women with nickel allergy as compared with men is most likely attributable to differences in exposure between the sexes. The key exposures leading to nickel contact allergy seem to occur early in life. Thus, in this investigation, the initial dermatitis caused by metallic items was experienced at a median age of 16 years for women and 18 years for men.
We assume that the initial dermatitis mostly represents the sensitization event, as the items causing it are usually worn every day for prolonged periods (28, 29) . We found earrings to be the major cause of sensitization in all patients and also in the subgroups expected to have been protected by a regulation; that is, patients aged ≤25 years and those who had experienced their first-time dermatitis within the past 10 years. Furthermore, earrings were reported as the major cause of elicitation after the implementation of the EU Nickel Directive.
It is well known that earrings for pierced ears constitute a special risk of inducing nickel sensitization (30) , as the skin is broken and the metal therefore bypasses the normal skin barrier. The pivotal limit of nickel release used in the nickel regulation has been standardized only for metallic items placed on intact skin (31) . The safety of piercing in relation to the use of different metallic alloys has been scarcely investigated. Even the use of high-quality stainless steel ear-piercing post assemblies may not exclude allergic reactions in those who are allergic to nickel (32). Ingber et al. (32) studied the clinical reaction after ear-piercing with post assemblies containing AISI 316 L stainless steel in 25 individuals with proven nickel allergy. Within 48 h of the piercing, 2 of those with nickel sensitivity developed redness and itching related to the piercing area, but the authors nevertheless concluded that the symptoms did not represent allergic nickel dermatitis. However, as redness and itching are the initial symptoms of allergic contact dermatitis, we conclude that ASNI 316 L stainless steel may not be safe for ear-piercing in nickel-allergic individuals, even if the studs comply with the recommended nickel release test.
Our finding that earrings remain the major cause of sensitization (as indicated by first-time dermatitis), together with the high prevalence of nickel contact allergy among young women (1), which does not seem to be declining any further (14) , raises the question of whether the nickel regulation is sufficiently protective regarding piercing post assemblies. It has been shown that the EU Nickel Directive has been particularly effective in the group of women who have never had their ears pierced (13) . However, clinical experimental trials examining the clinical reaction after piercing are needed to further explore this matter.
Overall, 'other jewellery' was the second most commonly reported item causing dermatitis after the implementation of a nickel regulation. High nickel release over the limits of the regulation has been found in jewellery, including earrings, purchased in several EU countries (33) (34) (35) (36) . Other frequently reported items in this study were buttons, belt buckles, and wrist watches, which have also been found to exceed the limits of permitted nickel release in a Danish study (33) . The most commonly reported items in our study are in line with a previous questionnaire study of dermatitis patients from private dermatology clinics, with the addition of zips, belt buckles, and keys (37) . Items such as mobile phones, computers, tools and scissors were relatively rare causes of self-reported dermatitis. This may be attributable to less intense and intermittent contact with the skin and/or less use of nickel in alloys and coatings. The low number of male patients in this study sample make the interpretation of the result for men uncertain.
In this investigation, patients could select the culprit object from a list of 15 different types of shiny metallic item, which may mean that exposures were overlooked, although it was possible to add items not listed. The most frequently added item was hooks on underwear. This is an exposure known to lead to problems with nickel allergy, owing to the close and prolonged contact with the skin.
The definitions of time duration for items to fall under the EU Nickel Directive are based on existing data on release kinetics from materials in artificial sweat, studies on skin uptake and penetration of nickel, and elicitation thresholds in sensitized patients. The question has been raised of whether such durations of exposure can actually cause symptoms in a significant proportion of those with nickel allergy. In this investigation, 21.4% reported onset of dermatitis caused by a metallic item with exposures of ≤10 min, and 30.7% reported dermatitis with exposures of ≤30 min (Fig. 1) . Therefore, the time limits in the definition seem to correspond well with the results of this study. We even found that 6.6% reported dermatitis after 2 min of contact.
Allergic nickel dermatitis after short skin contact with metallic items has not been studied in individuals with nickel allergy. However, skin deposition of nickel may be high following short and repeated skin contact of seconds to minutes with metallic surfaces, as has been shown in experimental studies, where nickel release was highest initially (38, 39) . For another contact allergen used in black hair dyes, p-phenylenediamine, it is known that even 2 min of exposure can produce a positive patch test reaction when it is read after 48 h (40) . In a recent publication, it was speculated whether some patients may react with contact urticaria rather than type IV reactions after contact with items releasing nickel. Saluja et al. (41) described positive prick test results for nickel 5% pet. in 11 patients with a history of nickel allergy, but with negative patch test results. All patients included in our study had positive patch test reactions to nickel, showing contact allergy. However, we cannot exclude the possibility that the immediate self-reported reactions were attributable to an urticarial reaction. Another explanation for patients reporting eczema after short direct skin contact may concern local memory T cells in the skin. In a recent study, we showed the existence of distinct local memory in 10 patients with nickel contact allergy (42) . The patients were patch tested with nickel or pet. on two occasions at the exact same skin areas, with a 21-day interval. Visible reactions were only found in skin areas that had been exposed to nickel on both occasions, and the clinical scores correlated with both accumulation of CD8 + T cells and the presence of interleukin (IL)-1 , IL-1 and IL-17A in the skin.
We found an interesting, but non-significant, trend towards faster reactions in patients with strong patch test reactions. There were only 10 patients in the group with strong patch test reactions (+++), meaning that the statistical power of the study was probably insufficient in this regard. For further investigation, clinical trials testing the reaction time according to patch test reactivity are needed.
A weakness of the present study is that we did not include a control group. Furthermore, the numbers of patients in two of the subgroups were relatively small, being 20 and 30 patients (young patients and patients with first-time dermatitis during the past 10 years, respectively), making these result less robust. All nickel-allergic patients diagnosed within the past 5 years were included (n = 541). An explanation for the small sizes of these subgroups may be that patients with nickel allergy in Denmark are often not seen by a physician, and, if they are, they are seen primarily by dermatologists in private practice. They are only referred to hospitals if other issues arise or if the dermatitis is more severe. This means that there is a delay relative to the initial events in nickel sensitization, and the patient group therefore has a relatively high median age. Drawing conclusions about the prevalence and incidence of nickel allergy among dermatitis patients was not an aim of this study, and these should be drawn from large-scale cohort studies, as cross-sectional questionnaire studies are more suited for descriptive analyses.
Conclusion
The same nickel exposures that motivated a regulation limiting nickel release seem to persist today. This may be explained by differences in the actual permitted nickel release over time (10) . Earrings remain the major cause of nickel sensitization and elicitation after implementation of the nickel regulation. Other important items are other jewellery, buttons on clothing, belt buckles, and wrist watches. The recent defined time durations for a metallic item to fall under the nickel regulation correspond well with the self-reported minimum contact time capable of eliciting contact dermatitis in this study.
